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We present a phenomenological way of dealing with the COVID–19 data provided by government
health agencies of eight different countries. Instead of using the (exact or approximate) solutions
to the SIR (or other) model(s) and trying to adjust the time–independent parameters included
in those models, we introduce dynamical parameters whose time–dependence may be phenomeno-
logically obtained by adequately extrapolating a chosen subset of the daily provided data. This
phenomenological approach works extremely well to properly adjust the number of infected (and
removed) individuals in time, for the countries we consider.
PACS numbers:
Keywords:
I. INTRODUCTION
Pandemic propagation models are usually described by
systems of first order ordinary non–linear coupled differ-
ential equations such as it is the case for the well known
SIS and SIR models, for instance. Numerous classical as
well as very recent articles have been written to deal with
this problem [1–8]. The dynamical variables are usually
denoted by S(t), I(t) and R(t), which are functions of a
single time variable t and denote the number of suscep-
tible individuals (which may get infected), the number
of infected individuals and the number of recovered or
removed individuals (which some time after becoming
infected are either immune or dead), respectively.
In addition to the dynamical variables, the models in-
troduce time–independent parameters (usually denoted
by greek letters) which describe the intensity of the cou-
pling between the dynamical variables. These parameters
clearly depend on the behavior of quarantined people in
different countries which, in turn depend on the contain-
ment policies implemented by different governments in
different countries.
It is not difficult to realize when trying to fit the data
informed by health governmental institutions of different
countries that they cannot be fitted by solutions of the
model’s equations for time–independent parameters, due
to the fact that the policies change over time and so does
the behavior of the societies.
Strictly speaking, the so called parameters are really
dynamical variables whose time evolution equations are
difficult to hypothesize or construct due to the fact that
their time evolution depends on people idiosyncrasy and
government policies, which are almost impossible to fore-
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see.
Because of these difficulties, in this work we propose an
analysis of the daily change of parameters in order to re-
trieve the dynamical information of a pandemic. Related
works have been proposed [9, 10], but our procedure is
different as it does not require any set of differential equa-
tions as a model. Instead of studying the total data set
that gives origin to total structure of the pandemic, we fo-
cus in the study of time evolution of the parameters that
produce such total structure, i.e., we do a meta–analysis
of the data set system. Therefore, instead of solving a
model described by a set of differential equations with
solutions that fit the data, a meta–analysis proceeds in
the opposite direction, finding the global evolution of the
parameters, and thus obtaining a model. This proce-
dure allow us to find the global dynamical behavior of
data by studying the day-to-day evolution of the adjust-
ment parameters. In other words, we can extract the
time-dependent information of the system without solv-
ing any differential equation set. Hence, we are able to
solve the system in a phenomenological fashion. This
proper meta–analysis of the adjustment parameters can
provide the kind of information that is needed in order
to have a better understanding of the evolution of the
pandemic. The main goal of this work is to show that
this procedure gives us global information of the changes
in the spread of the disease.
The adjustment parameters in this meta–analysis,
hereafter called meta–parameters, are no longer consid-
ered as constants, and they can be extracted directly
from the data information. It is the purpose of this work
to delineate a systematic procedure to estimate the dy-
namics of meta–parameters. We show how these meta–
parameters substantially improve the understanding of
the global evolution of the pandemic. This is exemplified
for the case of actual current data from eight countries.
These are Italy, United States, Canada, United Kingdom,
Spain, Poland, Austria and Germany.
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2In order to put in context our proposal, let us consider
first the SIR model as an example for pandemic evolution.
This model considers three kind of populations, the sus-
ceptible S = S(t), the infected I = I(t) and the recovered
R = R(t) population, respectively, all of them evolving
in time. Besides, the total population N = S + I + R,
is constant in time. The three variables are related by
the differential system S˙ = −αSI, I˙ = αSI − βI, and
R˙ = βI, where ˙ symbols time derivation. Here, α and β
are constant parameters, that contain the relevant infor-
mation for pandemic evolution. Our lack of knowledge
on how the pandemic evolves, is hidden in such param-
eters. Although no explicit exact solution for R = R(t)
is known, it is straightforward to show that at second
order in an expansion around αR/β, we can obtain the
solution for the recovered population as a function of time
[11, 12], given by R(t) ≈ r1 tanh(r2 t−r3)+r4. Here, r1 =
γβ2/(α2S0), r2 = βγ/2, r3 = tanh
−1 (αS0/(βγ)− 1/γ),
and r4 = β/α− β2/(α2S0), are all constants, in terms of
γ =
[
(αS0/β − 1)2 + 2S0I0α2/β2
]1/2
, where S0 and I0
are the initial values of susceptible and infected popula-
tions in t = 0. It has been assumed that initial value of
recovered population R0 = 0. It is important to realize
that the system is now completely solved, as the infected
population can be readily obtained by I(t) = R˙/β ≈
(r1γ/2)sech
2(r2 t− r3), while the susceptible population
is S(t) = N − I(t) − R(t). Those solutions are often
used to study in an approximated manner the pandemic
evolution. However, they fail to describe correctly its
dynamics when social conditions change or different gov-
ernmental decisions are taken along the progress of the
pandemic.
In the following sections we show how better fitting
results can be achieved by the procedure of using a hy-
perbolic tangent function to fit the data of recovered
population during the pandemic, using meta–parameters.
The evolution of these meta–parameters is obtained by
analyzing day-by-day the same data that they adjust.
This procedure gives a precise figure of the increment of
infected individuals. Therefore, the meta–analysis pro-
duces a better fitting of the estimation of the temporal
behavior of infected population, thus solving the pan-
demic dynamics in a phenomenological way. The final
solution obtained from the data fitting procedure will not
be a solution of the SIR model, neither of any other sim-
ple model described by first-order differential equations
with constant parameters.
II. PHENOMENOLOGICAL TREATMENT FOR
PANDEMIC DYNAMICS
In this section we describe the phenomenological proce-
dure to estimate the evolution of the infected population.
We start with the data set Rj for the recovered popu-
lation, for time j = 1, ..., N measuring lapsed days (with
a final day N). Here, Rj represents the recovered pop-
ulation at day j. The information of this data set is
equivalent to the cumulative integral or sum of infected
cases. The data are obtained from Ref. [13]. By using the
information in Rj , we can infer the infected population
data as
Ij = Rj −Rj−1 , (1)
at day j. For this work, we have used data until May
8th, 2020.
For such given data set, a global dynamical behavior
can be found by fitting the curve Rj → R(t), where now
the continuous recovered population function is given by
R(t) = a (tanh (b t+ c)− tanh c) +R0 , (2)
where a, b and c are global constant adjustment param-
eters, and we have assumed that the relevant data to
perform any analysis start with R0 6= 0, by properly set-
ting the initial time t = 0 of our analysis. By global
we refer that the adjustment is for the total lapsed time
N . Notice that recovered population curve (2) is not
equal to the approximated solution emerging from SIR
system. We show below that (2) is a good global fitting
for the recovered population. On the other hand, the
infected population dynamics is assumed to be found as
Ij → I(t) = R˙(t), which gives
I(t) = a b sech2 (b t+ c) , (3)
Now, let us perform the meta–analysis of fitting (2)
for the recovered population. Let us promote the three
parameters used in (2) to meta–parameters a → a1(t),
b → a2(t), and c → a3(t). This meta–parameters are no
longer globally constants. Their dynamics must be ob-
tained considering the new information that brings any
new day that it is added to the data set of recovered
population. For each time j (j = 1, ..., N), the meta–
parameters ai (i = 1, 2, 3) are found by fitting the curve
(2) to the data, by using them as constant adjustment
parameters for such time. As the amount of data grows
with time, the value of each meta–parameter varies, tak-
ing into account the different behavior that the govern-
ments or the society may have at different times. After
that several iterations are performed for different times
and fitting curves (2), a regular and dynamical behavior
of each meta–parameter starts to emerge. This regularity
starts at some time ζ 6= 1 for the three meta–parameters,
and it depends on each particular studied case. All of this
implies that meta–parameters are not globally constant
in time, and now their global time–dependent ai = ai(t)
is apparent. Once this stage is reached, the complete dy-
namical solution for each meta–parameter is established,
and a solution (2) for the recovered population can now
be promoted to the function
RM (t) = a1(t) [tanh (a2(t) t− a3(t))− tanh (a3(t))]−R0 ,
(4)
which produces a dramatic departure from solution (2).
Remarkably, we show below that when meta–
parameters have achieved a regular dynamics, they all
3behave in the following quadratic form with respect to
time (i = 1, 2, 3)
ai(t) ≈ a0i + a1it+ +a2it2 , (5)
with constant coefficients a0i, a1i, and a2i. This very sim-
ple behavior is manifested by the meta–analysis. It shows
that any change in the information of the data evolves
in an ordered form and it can be recovered through the
study of the meta–parameters.
With all the above, the new meta–parameter fitting
function (4) contains more precise information of the
daily changes of the recovered population compared with
the fitting function (2). In other words, its derivative
represents a more accurate description of the infected
population curve, which can be calculated as
IM (t) = R˙M (t) , (6)
which anew, results to be different from function (3).
In order to quantify how both infected population fit-
tings differ from each other, we define the global func-
tion  = EM/EC , as the ratio between the error func-
tion EM =
∑N
j=2 [IM (j)− Ij ]2 for the meta–analysis of
infected population (6), and the error function EC =∑N
j=2 [I(j)− Ij ]2 for the global fitting of infected pop-
ulation (3) with constant adjustment parameters. The
case of  < 1 implies a better fitting curve for the in-
fected population dynamics due to the meta–analysis.
Below, we present examples for different countries that
explicitly show the strength of this phenomenological dy-
namical analysis, and its better fitting to the existence
data. It is the goal of this work to search for the explicit
form of each meta–parameter for the studied countries,
finding in this way the underlying dynamical structure
of their pandemic scenarios, and thus determine RM and
IM . With all this in mind, let us discuss the pandemic
data for cumulative infectious cases as evolving in time
for eight different countries, and how the phenomenologi-
cal dynamical procedure applies to each of them. We use
the case of Italy to carefully explain each step in the pro-
cedure, as it is straightforwardly replicated for the other
country cases.
A. Italy
The data for the recovered population in Italy is shown
by the dotted line in Fig. 1(a), with N = 77. The red-
dashed line shows the fitting of function (2), with param-
eters given in Table I.
Consider now the blue solid line in Fig. 1(a). It de-
scribes the meta–analysis fitting (4) for the recovered
population since the day ζ = 33. This is the day in which
the meta–parameters start to be regular, as they can be
easily seen in Fig. 2(a). The meta–parameters are calcu-
lated for each day (from R0), taking into account all pre-
vious days. Thus, each new calculated meta–parameter
contains the information of any previous change. Be-
fore day ζ, there is no regular pattern in the evolution
of meta–parameter. But, after day ζ a very distinc-
tive regular dynamical behavior emerge. For the current
case, after day ζ = 33, the meta–parameters a1(t), a2(t),
and a3(t) time–dependence behavior is almost quadratic,
shown by red lines in Fig. 2(a). The coefficients of the
quadratic form (5) are given in Table II.
These meta–parameters are used in (4) to obtain the
solid blue fit in Fig. 1(a). Notice that the fitting preci-
sion for the slope of the recovered population becomes
more accurate as it grows, i.e., a better fit for its deriva-
tive is achieved, compared to fitting (2). This implies
that it contains better information on the the number of
infected individuals. This is shown in Fig. 1(b), where
the data represented by dots is the infected population
calculated according to Eq. (1). The red dashed line is
the infected population fit (3), with their respectively pa-
rameters. Notice also that this fit is just proportional to
the approximated solution for infected population in the
SIR model.
On the other hand, the solid blue line in Fig. 1(b)
correspond to the meta–analysis fitting (6) for infected
population, with meta–parameters with coefficients from
Table II. This fitting reproduces better the global be-
havior of the evolution of infected population in Italy,
just by considering the last part (for times t > ζ) of the
growing on recovered cases. This also coincide with the
evaluation of  = 0.4377, allowing us to establish that
the meta–parameter fitting for infected population is su-
perior to (3).
B. United States
The recovered population for United States is shown
in Fig. 1(c). Again, the data with N = 78 is represented
by a dotted line, while the red dashed line shows the
fitting (2), with parameters described in Table I. The blue
solid line is the fitting (4) since ζ = 45, when the meta–
parameters start to have a regular evolution, a quadratic
form, as it can be seen in Fig. 2(b) in red lines. The
meta–parameters coefficients are given in Table II
In this case, something similar to the previous case
occurs. The fitting (4), with their respective meta–
parameters, is not much better than fit (2) for the re-
covered population. However, its slope is in much better
agreement with the growing rate for the recovered data.
This implies that our meta–analysis gives a better fit for
the infected population, compared to the extracted data
from Eq. (1). This can be seen in Fig. 1(d). In this
case, the red dashed line represents the fitting (3) for
infected population, while blue solid line is our meta-
analysis fitting (6) using meta–parameters (5) with coef-
ficients given in Table II. The fit due to meta–parameters
is so dramatic, that when the global solution (3) shows
a decreasing on infected population, the meta–analysis
shows that the rate is not slowed down. For this case,
4country R0 a b c
Italy 17 109659 0.04946 -1.97906
United States 16 657278 0.05523 -3.07358
Canada 12 37629.5 0.04928 -2.66134
United Kingdom 16 110064 0.05478 -2.75723
Spain 7 83879.7 0.101541 -3.41748
Poland 5 8258.58 0.0504763 -2.07227
Austria 5 7600.84 0.09253 -2.74671
Germany 17 81777.8 0.06773 -2.57146
TABLE I: Parameters for fittings of recovered population (2) and infected population (3), for different countries.
country a21 a11 a01 a22 a12 a02 a23 a13 a03
Italy -3.90896 1664.84 6742.11 7.1× 10−6 -0.00194 0.15461 1.2× 10−5 0.02183 -3.67452
United States 36.9537 8065.02 -194219 2× 10−5 -0.00448 0.27888 -0.00031 0.09744 -8.72966
Canada 10.5152 -309.061 6376.36 2× 10−5 -0.00432 0.25918 -8× 10−5 0.05949 -6.43051
United Kingdom 24.7303 -723.317 39017.5 -3× 10−7 -0.00134 0.15069 0.00026 0.00112 -4.15543
Spain -22.303 3493.17 -27199.1 2× 10−5 -0.00333 0.21033 -0.00025 0.05579 -5.36454
Poland 0.623802 87.5161 349.521 10−5 -0.00241 0.16012 -1.1× 10−5 0.0233 -3.48283
Austria -0.78855 121.119 2975.45 1.5× 10−5 -0.00259 0.20106 -0.00024 0.04674 -4.85217
Germany -19.6609 2967.03 -30853.1 2.1× 10−5 -0.00339 0.20581 -0.00025 0.05212 -5.04845
TABLE II: Values for a0i, a1i and a2i for meta–parameters (5), shown in Figs. 2 and 4, for different countries.
the meta–analysis fitting is better as  = 0.4138.
C. Canada
The recovered population data for Canada is shown
with the dotted line in Fig. 1(e). The red dashed line is
the fit of Eq. (2) with N = 72 and parameters given in
Table I.
Anew, the blue solid line is our meta–analysis fitting
(4), using the meta–parameters that are described by
a regular dynamics starting in ζ = 33, as red lines in
Figs. 2(c). The meta–parameters coefficients are given in
Table II. The blue solid line for recovered cases indicates
a better approximation to the growing of such data.
The infected population is depicted in Fig. 1(f), where
the data is obtained from (1), while in red dashed line
is the fitting (3) with parameters from Table I, and in
blue solid line we have the fitting (6) with the meta–
parameters coefficients given in Table II. Once again,
with  = 0.5678, the meta–analysis represents a better
fit to the global evolution of infected population.
D. United Kingdom
The recovered population data is shown in Fig. 1(g),
while the infected population data is shown in Fig. 1(h),
both of them in dotted lines. The recovered population
data fit (2), in red line in Fig. 1(g), is achieved with
N = 71 and parameters from Table I.
The blue solid line in Fig. 1(g), represents the fit of
meta–analysis (4) for meta–parameters (5) that have
achieved regular evolution for ζ = 31 [see Figs. 2(d)].
Those have coefficients given in Table II. The informa-
tion in the meta–analysis is used for infected population
in comparison with data (1). In Fig. 1(h), the solid blue
line for meta–parameters fitting (6) shows a better corre-
spondence than fit (3) with constant parameters. This is
confirmed by evaluating  = 0.4958. Notice how the sech2
approach fails to describe the global dynamical behavior
of the infected population, which is indeed well-described
by our meta–analysis.
E. Spain
In Fig. 3(a) we show the recovered population data (in
dotted line). The red dashed line is the fitting (2) for re-
covered population with N = 72, and parameters given
in Table I. Similarly, the blue solid line is fitting (4) with
meta–parameters (5) starting in ζ = 35, and with coeffi-
cients given in Table II. We can see in Fig. 4(a) that the
meta–parameters are described by quadratic functions
again.
Using this, we can calculate the behavior of the number
of the infected individuals, shown in Fig. 3(b) . The
infected population data (dotted line) is given by Eq. (1),
5while fit (3) is in red dashed line and meta–analysis fit (6)
is in solid blue line. We obtain that  = 0.7219, showing
that the fit based in meta–parameters is again superior
to a time–independent one.
F. Poland
The data for the recovered population of Poland is
plotted in Fig. 3(c) in dotted line. Also, the red dashed
line fits Eq. (2) for the recovered population with N = 63,
and the parameters of Table I. The meta–analysis fitting
(4) is in blue line with the meta–parameters (5) from
Fig. 4(b), starting in ζ = 37 with coefficients of Table II.
This case is interesting as the slope of meta–analysis fit
(4) clearly shows that recovered population is increasing,
as opposed to what can be deduced from fit (2).
Therefore, the infected population data, in Fig. 3(d),
shows a better agreement with the fit (6) due to meta–
parameters. While the fit (3) indicates a strong decreas-
ing on infected population, the meta–analysis shows that
infected population is decreasing slowly. A better fit of
the meta–analysis is corroborated by  = 0.6112.
G. Austria
In Fig. 3(e) is the data for the recovered population
in Austria. In red dashed line is the fit (2) for N = 71
and the parameters from Table I. Similarly, the fit (4),
in blue solid line, requires the meta–parameters (5) show
in Fig. 4(c), with coefficients in Table II, starting from
ζ = 31.
The meta–analysis fit indicates a better adjustment for
the infected population, as it is seen in Fig. 3(f). In that
figure, the red dashed line is the fit (3), and the blue
solid line is the fit (6). The global dynamical behavior of
the infected population is better achieved by the meta–
analysis, with  = 0.7748
H. Germany
The last country to be studied is shown in Figs. 3(g)
and 3(h) for the data (dotted lines) of recovered and in-
fected populations, respectively. Red dashed lines repre-
sent the fitting of (2) and (3) for both cases, with N = 73
and parameters given in Table I. Blue solid lines represent
the meta–parameter fittings of recovered (4) and infected
(6) populations, with respect to the data (1). The meta–
parameters (5) have coefficients given in Table II, all of
them starting from ζ = 38.
Once more, the fit (6) is better for infected population,
as  = 0.7972.
III. DISCUSSION
We have presented a new approach to deal with in-
fection propagation data by allowing the parameters to
became time–dependent. Although we are not able to
produce a dynamical model for the parameters time evo-
lution due to intrinsic difficulty associated with unfore-
seeable government policies and population behavior, we
have been able to produce a method that may be suc-
cessfully applied to the actual data informed by eight
different countries which have implemented different mit-
igation policies to fight the COVID-19 infection with dif-
ferent population reactions.
All of the cases of infected populations studied above
exhibit the same feature. The meta–analysis shows ef-
fectively the capture of the daily variations of cases. In
other words, we have shown that using meta–parameters
we can integrate the recovered population without using
any pre-existing model.
Our proposal produces global results, as soon as the
regular behavior of meta–parameter are found. Thus,
the meta–analysis works for all data, and not only for
an arbitrary particular range in the evolution of recov-
ered cases, as for example, when the growing of recovered
cases behave as a power-law [14].
On the contrary, the infection data which are informed
in countries where the governments have introduced sud-
den infection related policy changes or where the popu-
lation has not abided by the government set containment
rules are difficult to describe by the approach presented
here (or almost any other method).
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FIG. 1: Recovered and Infected populations for Italy, United Sates, Canada and United Kingdom. Data is shown in dotted line.
Fittings (2) and (3) are shown in red dashed line for recovered and and infected populations, respectively. Phenomenological
fittings (4) and (6), with meta–parameters, are shown in blue solid line for recovered and and infected populations, respectively.
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(c) Meta–parameters a1, a2, and a3 for Canada
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(d) Meta–parameters a1, a2, and a3 for United Kingdom
FIG. 2: Meta–parameters for Italy, United Sates, Canada and United Kingdom. Data is shown in dotted line. The regular
dynamical behavior of meta–parameters (starting in time ζ) is shown in red solid line. They evolve following the quadratic
form (5).
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FIG. 3: Recovered and Infected populations for Spain, Poland, Austria, and Germany. Data is shown in dotted line. Fittings
(2) and (3) are shown in red dashed line for recovered and and infected populations, respectively. Phenomenological fittings
(4) and (6), with meta–parameters, are shown in blue solid line for recovered and and infected populations, respectively.
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(a) Meta–parameters a1, a2, and a3 for Spain
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(b) Meta–parameters a1, a2, and a3 for Poland
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(c) Meta–parameters a1, a2, and a3 for Austria
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(d) Meta–parameters a1, a2, and a3 for Germany
FIG. 4: Meta–parameters for Spain, Poland, Austria, and Germany. Data is shown in dotted line. The regular dynamical
behavior of each meta–parameter (starting in time ζ) is shown in red solid line. They evolve following the quadratic form (5).
